Virus filtration is a key clearance unit operation in the manufacture of recombinant protein, monoclonal antibody, and plasma-derived biopharmaceuticals. Recently, a consensus has developed among filter manufacturers and end users about the desirability of a common nomenclature and a standardized test for classifying and identifying virus-retentive filters. The Parenteral Drug Association virus filter task force has chosen PR772 as the model bacteriophage to standardize nomenclature for large-pore-size virus-retentive filters (filters designed to retain viruses larger than 50 to 60 nm in size). Previously, the coliphage PR772 (Tectiviridae family) has been used in some filtration studies as a surrogate for mammalian viruses of around 50 to 60 nm. In this report, we describe specific properties of PR772 critical to the support of its use for the standardization of virus filters. The complete genomic sequence of virulent phage PR772 was determined. Its genome contains 14,946 bp with an overall G؉C content of 48.3 mol%, and 32 open reading frames of at least 40 codons. Comparison of the PR772 nucleotide sequence with the genome of Tectiviridae family prototype phage PRD1 revealed 97.2% identity at the DNA level. By dynamic light-scattering analysis, its hydrodynamic diameter was measured as 82 ؎ 6 nm, consistent with use in testing large-virus-retentive filters. Finally, dynamic light-scattering analysis of PR772 preparations purified on CsCl gradients showed that the phage preparations are largely monodispersed. In summary, PR772 appears to be an appropriate model bacteriophage for standardization of nomenclature for larger-pore-size virus-retentive filters.
Virus filtration is a critical operation during the manufacture of recombinant proteins, monoclonal antibodies, and plasmaderived biopharmaceuticals. Viruses are removed from process intermediates largely through a sieving-based mechanism, although protein absorptive effects occur depending on process conditions (13, 21) .
There is no industry-wide uniform nomenclature or regulatory standard for applying a pore size or retention rating to virus-retentive filters. Virus filter manufacturers use different parameters for naming virus-retentive filters, including average pore size measurement, type of virus retained, size of virus retained, nominal (dextran or protein) molecular weight cutoff, and nominal molecular weight of proteins that can pass through the membrane (2) . This lack of consensus among filter manufacturers makes the current nomenclature ambiguous; also, it is difficult for filter users to evaluate commercially available virus retention filters on a consistent basis.
One approach to advance to a more informative classification system is based on different pore sizes (34) . Large-poresize virus-retentive filters are defined as filters designed to remove retroviruses and other viruses of Ͼ50 nm by size exclusion but specifically not small viruses, e.g., Ͼ18 to 30 nm. Examples of these are the Pall Ultipor VF DV50, Asahi Planova 35N, and Millipore Viresolve NFR filters, which are designed to remove large viruses (Ͼ50 to 60 nm), e.g., endogenous retroviruses associated with continuous cell lines and relevant blood-borne pathogens, such as human immunodeficiency virus. Small-pore-size filters specifically target viruses in the 18-to 30-nm size range. The Pall Ultipor VF DV20, Asahi Planova 15N, and Millipore Viresolve NFP filters are designed to remove small viruses, e.g., murine minute virus, reported as a sporadic contaminant in raw material used in the manufacture of continuous cell line-derived products (18) , hepatitis A virus, and human parvovirus B19, or other relevant bloodborne pathogens.
Bacteriophages are commonly used by filter manufacturers to evaluate the size exclusion properties of their virus removal filters and by some end users for preliminary evaluation of size-based filtration under process conditions (3, 4, 12, 19, (25) (26) (27) . Because of its reported diameter (53 to 63 nm) (6, 15, 16) and its previous successful use in testing size exclusion properties of large-virus filters (4, 12, (24) (25) (26) , PR772 has been chosen by the Parenteral Drug Association virus filter task force to be the model bacteriophage to standardize nomenclature for larger-pore-size virus filters (G. Sofer, unpublished data). PR772 belongs to the Tectiviridae family of icosahedral double-stranded DNA bacteriophages (6, 7, 15, 16) . The family Tectiviridae includes phages with a lipid membrane beneath the icosahedral shell (6) . On the basis of the examination in the electron microscope of multiple phage preparations, the diameter of members of the family Tectiviridae recognized by the International Committee on Taxonomy of Viruses is about 63 nm (6). The prototype phage PRD1 has been extensively characterized (7-10, 29, 30, 33) . Recently, combined electron microscopy (EM) and X-ray imaging yielded a quasiatomic model of PRD1 and the average dimensions of the PRD1 particle were calculated to be as follows: vertex to vertex, 698 Å ; edge to edge, 655 Å ; facet to facet, 637 Å (29) . Its genome has been sequenced (14,927 bp) and contains 34 open reading frames (ORFs) (9) . The 5Ј end of the PRD1 genomic DNA is covalently attached to a terminal protein that serves to prime DNA replication. Phages of the Tectiviridae family can be separated into two groups based the complementary inverted terminal repeat (ITR) sequences located at their 5Ј and 3Ј termini (31) . Group 1 includes phages PRD1 and PR5 isolated in North America, and group 2 comprises phages PR4, PR772, and L17 isolated in Europe, Africa, and Australia, respectively (31) . Interestingly, these enterobacteriophages of the Tectiviridae family have several properties in common with other, seemingly unrelated, viruses that infect evolutionarily distant hosts. These viruses include mammalian adenoviruses (10), the Bacillus bacteriophage Bam35 (28, 35) , and the Paramecium virus PCBV-1 (23) . The similarities between members of the family Tectiviridae and adenoviruses include genome replication, capsid architecture, fold of the major coat protein, and vertex organization (10, 33) . These elements of similarity suggest that Tectiviridae family phages may be particularly good model viruses for these mammalian viruses in virus filter performance studies.
Coliphage PR772 was originally isolated from the wastewater treatment system in Pretoria, South Africa (15, 16) . While less is known about the structure of PR772 than about that of PRD1, it can be surmised to be highly similar on the basis of the overall similarity of Tectiviridae family phages (15, 16) . Initial estimates of the PR772 capsid size of 53 nm were based on transmission EM (TEM) of phosphotungstate-stained and dried phages (15) , a procedure that may shrink particles (17) . Given the consensus size of members of the family Tectiviridae (63 nm), the precise atomic resolution sizing data from PRD1 and the overall DNA homology between members of the family Tectiviridae (6, 7, 29, 31, 32) , it can be presumed that PR772's natural hydrated size is more likely to be closer to 63 nm. To our knowledge, beyond the ITRs and some 5Ј regions, the PR772 genome has not been sequenced.
Phage PR772 has proven useful in the past to evaluate the size exclusion properties of large-pore-size virus filters under various operating conditions (4, 12, (24) (25) (26) . Further, routine filter testing with PR772 is preferable because of its nonpathogenic host compared to the usual host of PRD1 (Salmonella enterica serovar Typhimurium), which is a pathogen (risk group 2 organism) that must be handled in a level 2 containment laboratory. In this study, specific properties of the phage (e.g., hydrodynamic size, genome sequence, and aggregation potential) were analyzed to support its use to standardize the nomenclature of larger-pore-size virus filters.
MATERIALS AND METHODS
Phage propagation and preparation. PR772 and its bacterial host, Escherichia coli K-12 J-53, were obtained from the Félix d'Hérelle Reference Center for Bacterial Viruses (Université Laval, Québec City, Québec, Canada). Bacteriophages were grown on the surface of agar plates by the overlay method. For each of the 10 to 20 tryptic soy agar (Difco, Detroit, Mich.) plates, 10 5 PFU of PR772 were added to 2 ml of mid-log-phase bacteria and incubated for 5 min at 20 to 25°C. Nine milliliters of 50°C soft agar (0.7% agarose in tryptic soy broth) was mixed and poured onto the surface of a 150-mm-diameter tryptic soy agar plate. After solidification, the plates were incubated at 37°C for 16 h to allow bacterial growth and semiconfluent lysis of the bacterial lawn by PR772. Plaques produced by PR772 are translucent in appearance, indicating incomplete lysis of the surrounding bacteria. Phages were recovered from each plate by washing with 10 ml of phosphate-buffered saline (PBS) for 4 h at 20 to 25°C or overnight at 2 to 8°C with gentle agitation on an orbital shaker. The crude washes were centrifuged for 15 min at 10,000 ϫ g and then filtered through a 0.45-m-pore-size filter for direct use or further purification by CsCl density gradient ultracentrifugation (15) . Each plate typically yielded between 4 ϫ 10 10 and 4 ϫ 10 11 PFU. The filtered supernatants intended for purification were centrifuged at 90,000 ϫ g for 2 h. The phage pellet was resuspended overnight at 2 to 8°C in 7 ml of PBS. CsCl (ϳ3 g) was then added to bring the density of the phage suspension to 1.3 g/ml, and the mixture was ultracentrifuged for 16 h at 300,000 ϫ g. Phage bands were visible if sufficient phage existed in the starting material (Ͼ10 11 PFU). The CsCl gradient ultracentrifugation yielded two or more bands, with the top translucent white band usually containing the most viable phages. The phage band was drawn out of the ultracentrifuge tube with a needle and syringe and dialyzed for 24 h against three changes of PBS. The CsCl gradient purification method resulted in 11-to 59-fold concentration of the phages over crude lysates.
DNA preparation, subcloning, and sequencing. About 7 ϫ 10 11 PFU of CsClpurified PR772 were digested overnight at 50°C with 0.1 mg of proteinase K per ml in 5 ml of 100 mM NaCl-10 mM Tris (pH 8.0)-25 mM EDTA-0.5% sodium dodecyl sulfate. The digestion mixture was extracted for 1 h at 20 to 25°C with phenol-chloroform-isoamyl alcohol (25:24:1 volume ratio). After extraction, the phage DNA was precipitated from the aqueous phase by the addition of sodium acetate (0.3 M) and 2 volumes of ethanol. After centrifugation for 5 min at 10,000 ϫ g, the DNA pellet was resuspended in TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0). The PR772 DNA was digested with RsaI (5Ј GTAC 3Ј) or HaeIII (5Ј GGCC 3Ј) and randomly cloned into the SmaI site of pUC18. All restriction enzymes were purchased from New England Biolabs (Beverly, Mass.). RsaI produces 20 visible fragments on an agarose gel (3,051, 1,880, 1,284, and 1,000 bp, a 931-and 949-bp doublet; 827, 760, and 493 bp, a 463-and 468-bp doublet; 410, 377, and 311 bp; a 261-and 279-bp doublet; and 210 bp, a triplet spanning 174 to 192 bp; data not shown) and an undeterminable number of bands of less than 150 bp (five according to sequence analysis). Similarly, HaeIII generates 12 small fragments (1,103, 839, 755, 723, 696, and 609 bp; a 512-and 523-bp doublet; a 447-and 456-bp doublet, and a 380-and 394-bp doublet; data not shown) and an undeterminable number of bands of less than 350 bp (57 by sequence analysis). The ligation mixtures were transformed into MAX efficiency competent E. coli DH5␣ cells (Gibco BRL) in accordance with the manufacturer's instructions and then plated on Luria-Bertani plates containing ampicillin (50 g/ml) and grown overnight. Plasmid DNA minipreparations from single colonies grown overnight were made by a boiling lysis-isopropanol precipitation method. Clones were analyzed by restriction enzyme analysis (EcoRI/HindIII double digest) on a 1% Ultrapure (Gibco BRL, Gaithersburg, Md.) agarose gel. Plasmid clones with PR772 DNA inserts (29 RsaI subclones and 18 HaeIII subclones) were sequenced with pUC18-M13 forward, pUC18-M13 reverse, and internal primers from Amplicon Express (Pullman, Wash.) or Bioserve (Laurel, Md.). Assembly of the subclone sequences was done with the AssemblyLign software package included with MacVector (Accelrys, San Diego, Calif.). Sequencing of the subclone DNA generated a double-stranded sequence from ϳ37% of the PR772 genome after assembly of overlapping fragments. Finally, gaps (nonsubcloned areas) in the genome sequence were completed with synthetic primers (Amplicon Express) and the PR772 genome as the template. The entire phage genome was sequenced on both DNA strands.
Bioinformatic analysis. The sequence analysis were performed with the Genetic Computer Group (Madison, Wis.) sequence analysis software package, version 10.3, including GenBank release 138.0, EMBL (abridged) release 76.0, PIR-Protein release 77.08, NRL_3D release 28.0, SWISS-PROT release 42.0, and Pfam release 10.0. BLAST searches were performed with the database search programs available at http://www.ncbi.nlm.nih.gov/BLAST/ (1). The isoelectric point and molecular weight were calculated with tools available at http: //us.expasy.org/tools/pi_tool.html.
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TEM. To confirm the morphology of PR772, phages were observed under an electron microscope as described previously (22) . Phages from the crude lysate were sedimented at 25,000 ϫ g for 60 min in a Beckman (Palo Alto, Calif.) ultracentrifuge (model J2-21, rotor JA-18.1), and pellets were washed twice in buffer (10 mM Tris-HCl, 1 mM MgSO 4 , 10 mM sodium azide, pH 7). A drop of phage suspension was then deposited on a carbon-coated Formvar grid and mixed with an equal volume of uranyl acetate (2%, pH 4.0). Excess liquid was withdrawn with filter paper. Specimens were studied with a Philips EM 300 electron microscope operated at 60 kV. Magnification was monitored with catalase crystals (Worthington, Freehold, N.J.) (20) . Similar preparations of PR772 were also fixed with 2.5% glutaraldehyde, stained with osmium tetroxide, sectioned, and examined by TEM by JFE Enterprises (Brookville, Md.).
Filtration. PR772 was diluted to ϳ10 8 PFU/ml in PBS containing 15 mg of bovine serum albumin (Sigma, St. Louis, Mo.) per ml, 5 mM EDTA, and 0.1% Triton X-100. About 5 ml of phage was passed through 100-nm-rated membranes, either film-cast or track-etched membrane filters. The membrane manufacturing processes for film-cast and track-etched membranes differ; for detailed information, see reference 5. The film-cast membranes used were Millex-VV Durapore polyvinylidene difluoride (Millipore Corporation, Bedford, Mass.), Acrodisc Supor PES, and AcroPak 20 Fluorodyne II polyvinylidene difluoride (Pall Corporation, East Hills, N.Y.); the track-etched Isopore VCTP polycarbonate (Millipore Corporation) filter was also tested. The agar overlay method was used to enumerate phage before and after filtration through the 100-nm-pore-size-rated filters.
LLS analysis. To perform laser light-scattering (LLS) analysis, three samples of CsCl-purified PR772, 1.0 ϫ 10 Ϫ5 , 2.0 ϫ 10 Ϫ5 , and 3.0 ϫ 10 Ϫ5 g/ml in PBS, were prepared by diluting the stock solution (A 280 of about 0.77, assumed to correspond to a concentration of about 3.85 ϫ 10 Ϫ4 g/ml) to known concentrations in volumetric flasks. Each of the diluted solutions was filtered through a 0.2 m-pore-size filter and directly used to fill a dust-free light-scattering cell for LLS experiments. A standard laboratory-built LLS spectrometer equipped with a BI-9000 AT digital correlator and a solid-state laser (200 mW, 532 nm; DPSS; Coherent Inc., Santa Clara, Calif.) was used to perform LLS studies over a scattering angular range of 20 to 120°C. DLS analysis. In dynamic light-scattering (DLS) analysis, the intensity-intensity time correlation function G (2) (t) in the self-beating mode was measured according to G (2) 
, where A is the measured baseline, ␤ is a coherence factor, t is the delay time, and g (1) (t) is the normalized first-order electric field time correlation function. g (1) (t) is related to the line width distribution G(⌫) by g (1) (t) ϭ T ϱ 0 G(⌫)e Ϫ⌫ t d⌫. By using a Laplace inversion program, CONTIN, the normalized distribution function of the characteristic line width, G(⌫), was obtained. The average line width, ⌫, was calculated according to ⌫ ϭ ͐⌫G(⌫)d⌫. The polydispersity index, PDI, was defined as PDI ϭ 2 /⌫ 2 with 2 ϭ
where ⌫ is a function of both C and q, which can be expressed 2 ] with D, k d , f, and C being the translational diffusive coefficient, the diffusion second virial coefficient, a dimensionless constant, and the concentration, respectively. The scattering vector, q, is defined as q ϭ (4 n/)sin(/2) with n, , and being the solvent refractive index, the wavelength of light in a vacuum, and the scattering angle, respectively. When the concentration is extremely dilute and R g q Ͻ Ͻ 1, ⌫/q 2 is approximately equal to D. D can be further converted into the hydrodynamic radius, R h , by using the Stokes-Einstein equation, D ϭ k B T/6R h , where k B , T, and are the Boltzmann constant, the absolute temperature, and the viscosity of the solvent, respectively.
LLS calibration. An aqueous suspension of latex spheres (Polybead Carboxylate Microsphere; Polyscience Inc., Warrington, Pa.) was used to calibrate the LLS setup. According to vendor claims, the latex spheres have a nominal diameter of 48.1 Ϯ 5.2 nm. The size distribution of the latex spheres measured by DLS (the average R h was 24 Ϯ 2 nm) was consistent with the vendor claims, demonstrating that our setup was accurate, precise, and reliable. The size distribution of latex spheres was very narrow, with the PDI being on the order of less than 0.05.
Nucleotide sequence accession number. The complete genome sequence (14,946 bp) of PR772 is available under GenBank accession number AY441783.
RESULTS
Comparative genome analysis. The entire genomic sequence of coliphage PR772 was resolved. Its linear DNA contains 14,946 bp with an overall GC content of 48.3 mol% GϩC, which is very close to the 50.8 mol% GϩC of E. coli strain K-12 (11) . The PR772 5Ј and 3Ј ITR sequences are identical to each other and to the previously reported sequence (31) . Five common endonucleases (BamHI, BglII, EcoRI, HindIII, and Sau3AI) do not cut the phage DNA. It has been previously noted that phages lack restriction enzyme sites, presumably as an evolutionary response to pressures from their host restriction enzymes, particularly members of the Tectiviridae family, which also have a broad host range (6, 7, 9) . Bioinformatic analysis showed 32 ORFs of at least 40 codons ( Table 1 ). The gene organization was very compact, resulting in only very few short intergenic regions. All of the ORFs except two (orf31 and orf32) were coded in the same orientation. Comparison of the PR772 and PRD1 genomes revealed that their DNA sequences are 97.2% identical (9) . TEM of PR772 confirmed that it belongs to the Tectiviridae family and is structurally similar to PRD1 (Fig. 1) . Unique restriction endonuclease fragments present in PR772 but not PRD1 include 3,051-, 1,284-, 493-, and 410-bp RsaI fragments and 1,103-and 839-bp HaeIII fragments (data not shown). The largest difference between the two genomes appears to be an insertion of 12 nucleotides (orf26-orf27, coordinates 12,729 to 12,740) accounting for most of the size difference (PR772, 14,946 bp; PRD1, 14,925 bp). According to the standard BLAST protocol, all 32 of the ORFs showed homology with the previously characterized gene products of PRD1. Moreover, 11 of the ORFs displayed 100% identity to PRD1 ORFs. They included the following: ORF1, terminal protein; ORF6, penton protein; ORF13, DNA-packaging ATPase; ORF14, unknown; ORF15, DNA packaging; ORF16, major capsid protein; ORF18, DNA packaging; ORF19, unknown; ORF20, DNA delivery; ORF21, DNA delivery; and ORF22, membrane protein of unknown function.
The most divergent deduced protein was ORF24, which was 71% identical to P11 of PRD1, an integral membrane protein responsible for viral infectivity and DNA delivery (8) . Most of the differences were due to three frame shifts in the 5Ј region of orf24 (data not shown). Another significant difference was in ORF29 (128 amino acids) of PR772, which was larger by 28 amino acids than its homologous protein (ORF u, 100 amino acids) in PRD1 (Table 1) . This increase was due to the insertion of one nucleotide (coordinate 13,382) within the gene that changed the reading frame.
Filtration. As an initial test of monodispersion of crude and CsCl gradient-purified PR772 preparations, phage titer losses were tracked before and after filtration through 100-nm-poresize film-cast and track-etched filters. As shown in Table 2 , most PR772 phages passed through 100-nm-pore-size filters from various manufacturers. Additionally, there is no significant difference in titer reduction with either crude or CsCl gradient-purified preparations of PR772. Moreover, the three separate CsCl gradient preparations of PR772 did not differ significantly in their filtration properties. Thus, prefiltration of PR772 through 100-nm-pore-size filters is feasible prior to use in virus-retentive filter rating studies.
DLS. DLS measurements of phage PR772 were performed within 24 h after sample preparation. Each sample was measured at six angles at least three times. Besides the PR772 samples, the solvents (PBS buffer and benzene) were also scanned as references. During DLS measurements, the difference between the measured baseline and the calculated baseline was less than 0.1% and the measured baseline was accumulated to at least 10 7 cps. Table 3 . The R h , calculated accordingly from the Stokes-Einstein equation, was 41 Ϯ 3 nm. Thus, the estimated hydrodynamic diameter of PR772 is 82 Ϯ 6 nm. Figure 3 shows the size distribution of phage PR722 at different scattering angles for all three samples. Only a unimodal size distribution was observed in the system, and its distribution was relatively narrow, with a PDI of 0.08 Ϯ 0.03. The low degree of polydispersity of the phage PR772 preparation, 0.08, was comparable to that of the latex bead standards used for calibration (Ͻ0.05). In summary, phage PR772 preparations made by CsCl gradient banding are highly monodispersed suspensions of particles with a hydrodynamic diameter of ϳ82 nm.
DISCUSSION
Filter manufacturers currently use different parameters to name virus retention filters (2), making the filter nomenclature ambiguous and confusing to the end user. Recently, a consensus has emerged among filter manufacturers and end users in the biopharmaceutical industry about the desirability of a common nomenclature system to facilitate performance comparisons between virus removal filters from different manufacturers. Bacteriophages have been used for decades in medical size-based removal applications (3); more recently, filter manufacturers have used phages to evaluate the size exclusion properties of their viral removal filters (3, 4, 12, 19, (25) (26) (27) . On the basis of its reported 53-to 63-nm diameter (6, 15, 16) and its previous successful use in testing size exclusion properties of large-virus filters (4, 12, (24) (25) (26) , PR772 has been suggested by the Parenteral Drug Association virus filter task force to be a potential model bacteriophage to standardize nomenclature for large-pore-size virus filters (G. Sofer, unpublished data). This study was designed to conduct additional work and expand on the previous characterization of PR772 published several decades ago. Other phages in the Tectiviridae family (e.g., PRD1) have been extensively characterized, and a similar characterization of PR772 is important to justify its use in filter studies. In this report, we have characterized the size, genome, structure, and other properties of PR772 important for its use in filter testing.
This phage is easy to handle and stable, and high phage titers can be obtained readily. Unlike other members of the family Tectiviridae (e.g., PRD1, which is usually propagated on S. enterica serovar Typhimurium), production of PR772 does not involve the handling of pathogenic host bacteria. Phage PR772 titers can be rapidly and easily enumerated by plaque-counting techniques. Thus, low levels of contaminating nucleic acids, a concern for quantitative PCR assay of mammalian viruses (36) , are unlikely to interfere with measurements of PR772 titers. Analysis of the complete genomic sequence of PR772 revealed a high level of identity (97%) with the genome of the wellcharacterized tectivirus PRD1. It contains a similar set of genes and presumed gene products, with minimal substitutions and additional nucleotides. In fact, the overall gene order of the PRD1 and PR772 genomes is so conserved that putative functions were assigned to almost all of the gene products. The differences between these two phage genomes are mainly due to point mutations and to a single insertion-deletion of 12 nucleotides in one ORF. Detailed bioinformatic analysis did not reveal undesired DNA sequences (e.g., virulence factor, antibiotic resistance), indicating that this phage-host system appears to be suitable for routine laboratory work. The availability of its complete nucleotide sequence also provides a powerful tool for quality control of the phage preparations. The hydrodynamic diameter of phage PR772 measured by light scattering (82 nm) differs modestly from the generally accepted physical diameter of members of the family Tectiviridae (63 nm) (6) . Unlike EM, DLS measures the hydrodynamic size of hydrated particles in a fluid (14) . Thus, it could be argued that the size of PR772 measured in this way should be more reflective of the actual hydrated size of PR772 particles during an actual filtration process than the dry phage size determined by EM. Both measurements of the diameter of members of the family Tectiviridae are somewhat smaller than that of endogenous rodent retroviruses or human immunodeficiency virus (80 to 100 nm) but still large enough to be considered nonfilterable through the large-pore-size virus-retentive filters that are designed to retain viruses larger than 50 to 60 nm in size (e.g., Pall Ultipor VF DV50, Millipore Viresolve NFR, and Asahi Planova 35N filters). Thus, testing with PR772 represents a worst-case condition for large-pore-size filters. Therefore, PR772's size appears to be appropriate for testing of these virus filters. Both CsCl gradient-purified and plate lysate PR772 preparations were similarly filterable by 100-nm-pore-size filters; thus, these filters can be used in a PR772 prefiltration step prior to use in virus-retentive filter rating. In addition, our light-scattering experiments indicated that live PR772 phages prepared on CsCl gradients are almost entirely monodispersed, a critical attribute for their use as model phages in virus-retentive filter testing.
In summary, the structural and molecular properties of PR772 favor its use as an appropriate model bacteriophage for nomenclature standardization of larger-pore-size virus-retentive filters. In addition, our data are consistent with the use of PR772 as a potential model virus for preliminary evaluation of viral clearance provided by virus-retentive filters in scaleddown studies (conducted under process conditions) designed to demonstrate size-based filtration clearance.
